Site of Synthesis of Ribonucleic Acid in Mammalian Epidermis  by Fukuyama, Kimie & Bernstein, I.A.
SITE OF SYNTHESIS OF RIBONTJCLEIC ACID IN MAMMALIAN EPIDERMIS*
KIMIE FUKUYAMA, M.D.t AND I. A. BERNSTEIN, Pn.D.
Cells which synthesize large amounts of pro-
tein are rich in RNA' and RNA seems to be an
intermediate in the transfer of genetic informa-
tion from DNA to the site of protein synthesis
(1). A study of the localization of the synthesis
of RNA in the mammalian epidermis was ex-
pected, therefore, to contribute to an understand-
ing of the metabolism and function of these cells.
This report presents the results of an autoradio-
graphic study of the incorporation of cytidine-H3
into the epidermal cells of newborn rats.
MATERIALS AND METHOD S
Newborn rats, of the Sprague-Dawley strain,
4—S days old and weighing about 7—S grams were
used. Prior to administration, cytidine-H3, ob-
tained from the New England Nuclear Corp.,
was diluted to 10 pC per 0.01 ml. of distilled
water. The animals were injected intraperi-
toneally with 30 jzC of cytidine-H3 and sacrificed
at various intervals after the injection. Skin
samples, approximately 1 cm1, were taken from
the dorsal side of the animals and were fixed im-
mediately in acetic acid-formalin-alcohol solu-
tion. Twenty-four hours after the fixation, the
samples were dehydrated and embedded in
paraffin. Serial sections cut at 4 microns were
mounted on slides and were then passed through
xylene and alcohol to water. The slides were
covered with Kodak autoradiographic stripping
plates, AR 10, and placed in a black plastic
box at 4° C. After 4 weeks of exposure, the films
were developed with Kodak developer, D 19.
Methylene blue staioing was employed after the
fixation of the films with Kodak rapid fixer.
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These methods have been previously described
(2). The sections were incubated with RNase,
DNase or control buffer solution as described by
Pearse (3) for the purpose of testing the specificity
of the incorporation of cytidine-H3 into RNA.
RESULTS
Activated silver grains were observed on the
nuclei of most of the cells in the epidermis at 30
mm. after the injection of cytidine-H. At this
time of observation, the number of grains seen
over the nucleoli was far greater than over the
remainder of the nuclei. The nuclei which con-
tained more than one nucleolus showed incorpora-
tion of cytidine-H3 in all nucleoli. By one hour
after the injection the labeling of nucleoli was
greater than before (Fig. 1). The incorporation of
H3 into some of the nuclei of the basal layer was
more diffuse and looked similar to the incorpora-
tion of thymidine-H1 as previously reported (2).
This probably represents the synthesis of DNA
as well as RNA in the basal cells. By 2 hours after
injection, the label from cytidine-H3 was still
strong in the nucleoli but had increased in the
remainder of the nucleus. At 6 hours the label
began to appear in the cytoplasm (Fig. 2). By 12
hours, the label in the cytoplasm had increased
while the density of the grains had decreased on
the nuclei. The samples taken 24 hours (Figure
3) after the injection showed greater radioac-
tivity in the cytoplasm than in the nuclei and at
2 days and 4 days very little radioactivity was
detected in the nuclei but the label in the cyto-
plasm still remained. (Figure 4) After incubation
with RNase of the sections taken at one hour
after injection of cytidine-H3, most of the label
on the nuclei and all the label on the cytoplasm
was removed. (Figure 5) Incubation in a control
buffer solution did not change the distribution of
grains and treatment with DNase did not
eliminate the grains over the nucleoli (Figure 6).
During the first 12 hours after the injection of
thymidine-H3 most of the labeled nuclei are
found in the basal layer and very few of them are
in the stratum spinosum (Figure 7). The acti-
vated silver grains are located all over the inter-
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Pie. 1. Autoradloeraph of the epidermis from a newborn rat one hOur after the Intraperitoneal In-
jection of eytidine-11.
Pie. 2. Autoradiograph of the epidermis from a newborn rat6 hours after the intraperitoneal Injec-
tion of eytidIne-H'.
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Pie. 3. Autoradiograph of the epidermis of a newborn rat 24 hours after the intraperitoneal injeetion
of eytidine-W.
Pie. 4. titoradiograph of the epidermis of a newborn rat 4 days after the Intraperitoneal Injeetien
of eytidine-H'.
• 44
— ?.
S
I
•,4;
I,.
. •
S
-4S. -
: .
50 THE JOIJENAL OF INVESTIGATIVE DERMATOLOGY
FIG. 5. Autoradiograph of the epidermis of a newborn rat one hour after the intraperitoneal injection
of cytidine-113. The tissue section was treated with RNase before application of the film.
FIG. 6. Autoradiograph of the epidermis of a newborn rat one hour after the intraperitoneal injec-
tion of eytidine-113. The tissue section was treated with DNase before application of the film.
RNA SYNTHESIS IN EPIDERMIS 5].
Fso. 7. Autoradiograph of the epidermis from a newborn rat one hour after the intraperitoneal injec-
tion of thymidine-H3.
phase nucleus but never appear on the cyto-
plasm.
DISCUSSION
Although cytidine-H incorporates into both
RNA and DNA, most of the label observed in
the epidermal cells at 30 mm. and 1 hour after
the injection of cytidine-113 probably represents
RNA synthesis. This is based on the observation
that with cytidine-}P at this time the label ap-
peared in the nuclei of almost all epidermal cells.
Whereas with thymidine-113—-an indicator of
DNA synthesis—only 2.4 per cent of the nuclei
were labelled and these were in the basal layer
only. The fact that DNA is located only in the
nucleus suggests that the accumulation of label
in the cytoplasm observed at 6, 12, 24, 48 and
96 hours after the injection of cytidine-113 is a re-
sult of the presence of radioactive RNA. Incuba-
tion of the sections with RNase supports the
conclusion that the labeled material was radio-
active RNA.
These studies indicate that synthesis of RNA
can occur in the nucleus. It is, however, not pos-
sible to be certain whether or not the labeled
material in the nucleolus appeared earlier than
in the chromatin portion of the nucleus as
demonstrated by Fitzgerald and Vinij chaikul
(5), or vice versa as reported by Fcincndegen et al
(4). Perry (6) has interpreted his observation as
indicating that RNA is synthesized independ-
ently in the nucleolus and in the chromatin
portion of the nuclcous. The data in this paper
can not be construed as supporting or denying
Perry's concept.
The observation that the nucleus is labeled
hours before the cytoplasm, could be a result of
faster incorporation of labeled molecules into
RNA in the nucleus than in the cytoplasm, of
the epidermal cells, if synthesis of RNA takes
place in the cytoplasm as indicated by Plaut (7).
The fact that the incorporation of cytidine-ll
was not seen in the cytoplasm during the first
6 hours of observation, but appeared later at a
time when the nuclei showed fewer grains than
formerly may mean that a major increase of
radioactive RNA in the cytoplasm occurred by
the movement of nuclear RNA into the cyto-
plasm as observed in root of Vicia faba (8), in
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Neurospora (9), in .Escherichia coil (10) and in
cultured cells (11, 12).
Previous work (2) with thymidine-H1 has
shown that the cells in the stratum spinosum and
the granular layer are not actively contributing
to the production of epidermal cells of the young
rats. RNA synthesis, however, as revealed by the
incorporation of cytidine-113 was found to he
very extensive in the cells of those two layers.
If a high rate of protein synthesis is always
found in the tissues having a high content of
RNA (1 and 13), the cells in the stratum spino-
sum and the granular layer must be very active
in protein synthesis. It may be reasonable to say
that these cells are not merely in the process of
degeneration, but rather are actively synthesiz-
ing keratin—an ultimate function of differenti-
ated epidermal cells.
SUMMARY
1. Within 30 minutes after the administration
of cytidine-113 to newborn rats, the nuclei of cells
in all layers of the epidermis were labeled. At
this time, the label was essentially restricted to
the nucleoli. By 6 hours after injection, the cyto-
plasm also contained labeled RNA. Twenty-four
honrs after ndministration of the tracer, the
label had disappeared from the nucleus but was
still present in the cytoplasm.
2. These data are consistent with the concept
of a "more labile" RNA made in the nucleus and
a "more stable" RNA present in the cytoplasm.
They are also consistent with the postulated
passage of labeled nuclear RNA from the nucleus
to the cytoplasm.
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